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Description 

methods for the preparation of the novel insulin analogues. 
BACKGROUND OF THE INVENTION 

,„ _ tTeatmftn1 Diabete8 meintus many varieties of insulin preparations have been suggested to the 
In the treatment of oianeies meurawi m- j prolonged action. 

insu,in " h~>o «n increasina interest in an insulin treatment which approaches the 

in the recent years there has been an manna ««■ in connection with meals 

insulin secretion from the beta cells ^SSil hs^hown thai diabetics can obtain normal 

and mairner^ceofa^Bii^ n ^K^oToSn with prolonged action to cover 

TXfSZtt ^ 01 rapid - actinfl insu,in 

of diabetics requiring a stronger initial effect in addition to uw wwy 
- £JT2&'*2i«. « «. mm - 

insulin analogues hereinafter descnbed. H *«rrihArt in the oast M&rki et al. (Hoppe-Seyler's Z. 

« A large nurn^r of ^ ^^^"l^l^oltn^^i 2* differ from 
Phystol-Chem.. 360 (1979). 1619-1632) descnbe ^™^^J™1 5 B 7 a and 11 of the A-chain and 
human insulin inThe reptecement of a single ammoaod relationship of 

. swsSSSbsKSSbsbsss: 

^ SKSiSfS?!? «SSS2- in the insulin molecule, whilst ChemiKer Zeitung 

US Patent No 3 883 498 reters to various substitutions at 
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Pharmacopeia! Convention, Rockwille. Maryland, pp. 84-95) and exhibit a low antigenicity. Sulphated 
insulins are, however, a heterogeneous mixture of at least nine different insulin derivatives containing on 
average 4 5 sulphate ester groups per molecule. Sulphated insulins have furthermore a reduced insulin 
activity being about 20% of the activity of native insulin. A further drawback of sulphated insulins as 
compared to native insulin is that they needlessly contain amino acid residues which are chemically 
modified, i.e. amino acids which do not occur naturally. 

It is therefore a further object of the present invention to provide insulin analogues which are 
homogeneous, have a higher biological activity than sulphated insulins and which furthermore preferably 
only contain naturally occuring amino acids. 

By "insulin analogues" as used herein is meant a compound having a molecular structure similar to that 
of human insulin including the disulphide bridges between A(7)Cys and B(7)Cys and between A(20)Cys and 
B(19)Cys and an internal disulphide bridge between A(6)Cys and A(11)Cys and with insulin activity. 

SUMMARY OF THE INVENTION 

The present invention is based on the surprising fact that certain insulin analogues, in which at least 
one of the amino acid residues of human insulin has been substituted with naturally occuring ammo acid 
residues, exhibit the desired rapid acting activity. 

In rts broadest aspect the present invention provides novel, rapid-acting human insulin analogues 
formed by substituting one or more of the amino acid residues of human insulin with naturally occuring 
amino acid residues giving rise to less self-association into dimers. tetramers. hexamers, or polymers, and 
having the same charge or a greater negative charge at neutral pH than that of human insulin. 

To provide a reduced tendency to self-association into dimers. tetramers. hexamers, or polymers 
certain residues of human insulin are preferably substituted with other amino acid residues being more 
hydrophilic than the natural amino acid residue at the respective position in the molecule. Also, at certain 
positions in the insulin molecule substitution with a more bulky amino acid residue will give rise to a 
reduced tendency of the insulin molecules to associate into dimers, tetramers. hexamers, or polymers. 

More specifically the present invention provides novel insulin derivatives with the following general 
formula (I): 

A-chain 



35 




B- chain 



60 



55 



wherein at least one but not more than seven of the X?s are the same or different amino acid residue 
substitutions, the net function of which are to impart to the motecule the same charge or a greater negative 
charge at neutral pH than that of human insulin, the remaining X?s being the natural amino acid residues of 
human insulin at the respective position in the insulin molecule with the proviso that there is at least one 
substitution in the B-chain and that when X in position B<5) is Ala. X in position B(9) is Uai. X in position B- 
(10) is Asn or Leu, X in position B(12) is Asn or X in position B(26) is Ala, then at least one of the remaining 
X7s are different from the amino acid residues of human insulin at the respective position in the insulin 
molecule, and with the further proviso that X in position B(5) can not be Asp and X in position B(12) can not 
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~a ^iH.tAs mav have been removed from the N- and/or C- 
be Glu. am! wherein one or ^^^'^SlroZ S. when X b Ate in one or more of 

EE risawa-W srjLi - _ - — - 

insulin analogues jd subsfi tutions are more hydrophilic than the 

Preferably at least a t hun^ ^ulin molecute and more preferably all ammo 

amino acid residue at the corresponding srta ,.^ .JeXes^nding human insulin amino acid residue* 
acid residue "X22£ W nTadTtoT^mmel. J. Tbeor. Biol. Ill (1984), 247-260 

With respect to hydrophilicrty reference is maoe 

^Vl reference to the above formula I, moat preferred are 2 to 4 substHutions. 

PREFERRED EMBODIMENTS OF THE INVENTION 

The amino acid residues — -jSSrJSSJJSf 
Ser. Thr. His. and He and are more P^ 1 * ^^nXp^ d/or Glu instead of one or more of the 

side chain. _ oreferaWv contain Hia instead of one or more of the 

The novel human insulin analogue* may atec J^^ y aide chain or instead of one or more 
amino acid residues of human insulin with an al,pbatic and/or aromatic s*e cna. 
of the hydroxy amino acids of human .nsul.ru B26, B27, and B2B, preferably B9. B12. 

association and a more ^"^^^'^S^og may be chosen from the group consisting of Asp. 

The amino acid residue subatm*on.n posrton B9 maybe c*os ^ ^ from ^ group 
Pro Glu. lie, Leu, Val. His. Thr. Gin. Asn. Met Tyr. Trp ana m» 

2ssrc arc s sr-tssr srs, - - — — 

substitutions are preferably Asp or J*"- at toast two substitutions (preferably in combination 

in the remaining P 08rtl0f «l^ '""* n r^ntess™* obtain the improved properties. In these 
wfth the above mentioned positions) seem to be necessary to 
positions substitutions may be made as follows: 
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Position 



AB 
A9 
A10 
A13 



B2 



Preferred amino acid res cue svbstitions 

His. Gly, Gin, Glu, Ser, Asn, Asp, Pro 
Gly. Asp, Glu. Thr. His, Gin. Asn. Ala, Pro 
Lev,. Pro, Val, His. Ala. Glu, Asp. Thr. Gin, Asn 
Pro. Val, Arg, His, Ala, Glu, Asp, Thr, Gly, Gin, 
Asn, Asp 



io A21 As P' Glu 

B1 Glu, Asp, Thr, Ser 



Arg', His, Ala, Glu, Asp, Thr, Pro, Gly, Gin, Ser, 



Asn 

' 6 B5 Glu, Thr, Ser, Gin, Asn 

B14 
B16 
20 B17 



Glu, Asp, Asn, Gin, Ser, Thr, Gly 
Asp, Glu, Gin, Asn, Ser, Thr, His, Arg 
Ser, Thr, Asn, Gin, Glu, Asp, His 
Bl8 ser, Thr, Asn, Gin, His 

B20 Gin, Ser, Asn, Asp, Glu, Arg 



- zz y s*.r zsxs. ««v?5S:a fes-rswsss 



(B27 + B12 + I . 

(B12 + B16 + B17 + B27 + A10 + A13). 
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Preferred embodiments of the above formula I are as follows: 
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in which the X's are defined as above. 

Referring to formula I other preferred insulin analogues according to the present invention are such in 
which X in position B27 is Glu, X in position B12 is lie or Tyr, X in position A21 is Asp and in position B27 
iSi X toSEi B9 is Asp, X in position A21 and in position B9 is Asp and in position B27 is GluJCm 
position AS in His, in position B9 is Asp and in position B27 is Glu, X in position B10 is Asp. X in position 
B28 is Asp, or X in position B9 is Asp and in position B27 is Glu. 

According to a second aspect of the present invention there are provided injectable solutions with 
insulin activity. The injectable insulin solutions of this invention contain the human insulin analogues 

6 



EP 0 214 826 B1 



10 



16 



20 



25 



30 



described above or a phamnaceutjcaJly acceptable salt thereof in aqueoueso.ut.on prtfraUy J-^P* 
TnTaqueous medium may be made isotonic by addHton of for example sodium chlonda .Also 
buSeS such as an acetate or citrate and preservatives, such as m-cresol. phenol or methyl 4-hydroxy 
benzoate may be added. The insulin solutions may furthermore contain zinc ions. . _ 

ChZan insulin analogues of this invention may be substituted for human or porcine .nsulm ,n the 
rapid acting insulin solutions heretofore known to the art 

PREPARATION OF THE INSULIN ANALOGUES 

After the advent of the recombinant DNA-technology the possibilities for the protein engineering has 
becinTto heinous . By the soiled site specific mutagenesis technique » is possible to alter a gene 
S^foTa^nTo^rring protein by substituting any one or more of me codons in the native gene wrth 
ScoSs? for^e7n« r occuring amino acid(s). Alternatively me modified gene may be made by 
SZS svnttetesis of the total DNA-sequence by well known technique. The purpose ol such mampula- 
tTo^Sr^nlra. protein wi^pfcally be to after the properties of the natural prote,n ,n one or 

"analogues may be prepared by altering the proinsulin gene through /epteceme* lof 
codo2)Tme^ppro P rZsne in the native human proinsulin gene by codon(s) encod.ng modeled 
a^o 2*? reSdut substtute(s) or by synthesizing the whole DNA-sequence encoding the des.red human 
Z£ ^^e T^^ovTmodrfied T synthetic gene encoding the ^ insu n j matogue >s men 
inserted^ , a suHabto expression vector which when transferred toasurtabte host org*™, e* § S* 
Sus or a yeast, generates the desired product The expressed product « then «oteted from the cells or 
S broZeSending on whether the expressed product is ^ecretedfrom *e ceHs .or not 

T* novel insuliTanalogues may also be prepared by chemical ^^"^ 
method described bv Marid et al. (Hoppe-Seyler's Z. Physiol. Chem.. 360 (1979). 1619-1632). They may 
Tot tSStS in Xepared A- and B-chains conteining*e approbate «« ™> 

Sdue substitutions, whereupon the modified A- and B-chains are l,nked [*g*» 
phide bridges according to known methods (e.g. Chance et al.. In: ft* DH, Gross E Wn^i 
Smhes^Shucture - Function. Proceedings of the seventh American peptd symposum. Ilhnon. pp 721- 

^The novel insulin analogues are preferably prepared by reacting a biosynthefJc precursor of the general 
formula II: 



-chain 



45 




50 



B * chain 

wherein CL is a peptide chain with n naturally occuring amino acid residues, R is Lys or Ar^n is an integer 
JomTto 3? m^O or 1 . and the X>s are defined as above with the proviso that the peptide chain -Q n -B- 
X nS ^ two advent basic amino acid residues, with an L-threonine ester in tfie presence of 
Sy^n^T^in derivSTfollowed by conversion of the obtained threonine ester of the humanmsul.n 
^ue !mZ human insulin analogue by known methods. This socalled -transudation- reaction is 
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described in US patent specification No. 4.343398 (the disclosures of which are incorporated by reference 

^Bylne transpeptidation reaction the bridging -(Q„-R) m -between amino acid 29 in the B chain and amino 
acid 1 in the A chain is excised and a threonine ester group is coupled to the C terminal end of B29Lys. 

The precursors of the above formula II may be prepared by a method analogue to the method 
described in EP patent application No. 0163529A the disclosure of which is incorporated by reference 
nereirrto. By this method a DNA-sequence encoding the precursor in question is inserted m a suitable 
expression vehicle which when transferred to yeast is capable of expressing and secretng the desred 
compound with correctly positioned disulphide bridges. The expressed product e then isolated from the 

CUltU The b p^ent insulin analogues may also be prepared by reacting a btosynthetic precursor of the general 
formula III: 
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B- chain 
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wherein V and T are each Lys or Arg and the X's are defined as above, in aqueous solution with trypsin and 
carboxypeptidase B and recovering the human insulin analogue from the reaction solution. 

The precursors of the above formula III may be prepared by a method analogue to the method 
described in EP patent application No. 86302133.3 the disclosure of which is incorporated by reference 
nereirrto. By (his method a DNA-sequence encoding the precursor is inserted into a surtaWeye** 
expression vehicle which when transferred to yeast is capable of expression and secretion of the expressed 
product with correctly positioned disulphide bridges into the culture medium. 

According to a thirtl aspect of the present invention there is provided a method tor producing of the 
novel insulin analogues by which method a yeast strain containing a replicable expression vehicle 
comprising a DNA-sequence encoding a precursor of the insulin analogue is cultured in a suitable nutnent 
medium, and the precursor is recovered from the culture medium and converted into the novel insulin 
analogue by enzymatic and chemical in vitro conversion. 

The present invention is also directed to novel precursors of the novel insulin analogues. DNA 
sequences encoding such novel precursors, expression vehicles containing such DNA-sequences and yeast 
strains transformed with such expression vehicles. 

MODIFIED INSULIN ANALOGUES 

The present invention is contemplated to comprise certain derivations or further substitutions of the 
insulin analogues provided that such derivations or further substitutions have no substantial impact on the 
above-described goal of the invention. It is accordingly possible to derivate one or more of the functional 
croups in the amino acid residues. Examples of such derivation is per se known conversion of acid groups 
in the insulin molecule into ester or amid groups, conversion of alcohol groups into alkoxy gwupaor vice 
versa, and selective deamidstion. As an example A21Asn may be deamidated into A21Asp by hydrolysis m 
acid medium or B3Asn may be deamidated into B3Asp in neutral medium. 
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It is furthermore possible to modify the present insulin analogues by either adding or removing ammo 
acid residues at the N- or C-terminal ends. The insulin analogues of the present invention may lack up to 
four amino acid residues at the N-terminal end of the B-chain and up to five amino acid residues at the C- 
terminal end of the B-chain without significant impact on the overall properties of the insulin analogue, 
s Examples of such modified insulin analogues are insulin analogue lacking the B1 Phe or the B30Thr amino 

^Wsanaturally occurring amino acid residues may be added at one or more ends of the polypeptide 
chains provided that this has no significant influence on the above-described goal. 

Such deletions or additions at the ends of the polypeptide chain of the present insulin analogues may 
»o be exercised in vitro on the insulin analogues with amino acid substitutions according to the present 
invention AHernaflveTy the gene tor the novel insulin analogues according to the present invention may be 
modified by either adding or removing codona corresponding to the extra amino acid residues or lacking 
amino acid residues at the ends of the polypeptide chain, respectively. 

rs TERMINOLOGY 

The abreviattons used for the amino acids are those stated in J.BioLChem. 243 (1968), 3558. The amino 
acids are in the L configuration. 

As used in the following text B(1-29) means a shortened B chain of human insulin from B1Pne to 
x B29Lys and A(1-21) means the A chain of human insulin. 

The subs«ution(s) made in the human insulin molecule according to the practice of the invention is(are) 
indicated with a prefix referenced to human insulin. As an example B27Glu human insulin means a human 
insulin analogue wherein Glu has been substituted for Thr in position 27 in the B chain. B27Glu,B9Asp 
human insulin means a human insulin analogue wherein Glu has been substituted for Thr in, position 27 in 
the B chain and Asp has been substituted for Ser in position 9 in the B chain. !327Giu.B(1-29£Ala-Ala-Lys- 
A(1-21) human insulin means a precursor for the insulin analogue (see formula II) wherein Glu has been 
substituted for Thr in position 27 in the shortened B chain (see above) and wherein the B<1-29>-chain and 
the A-chain (A(1-21)) are connected by the peptide sequence Ala-Ala-Lya. Unless otherwise stated it is to 
be understood that the B(1-29) chain and A(1-21) chain are connected by disulphide bridges between A(7)- 
Cys and B(7)Cys and between A(20)Cys and B(19)Cys, respectively, as in human insulin and that the A 
chain contains the internal disulphide bridge between A(6)Cys and A(1 1)Cya. 

EXPLANATION OF THE INVENTION 

36 As has already been pointed out, the objective of this invention is to provide rapid acting injectable 
insulin solutions. In effort to meet this objective, the inventors hereof recognized first and foremost that 
considerable differences exist between insulin in a depot or bolus and insulin in the circulation, including 
notably a completely unavoidable difference in insulin concentration. Specifically, insulin in the bloodstream 
is highly dilute, being 1(T" to 10"* M and is in monomer form, with possibly some insulin being in dimer 

40 form The much more concentrated insulin stored in the B-cell granule of pancreas and in the usual 
administerable solution is largety, if not principally, in the non-active hexamer form, for example, as the well- 
known 2 zinc hexamer. 

Human insulin in solution is known to exist in many molecular forms, namely, the monomer, the dimer. 
the tetramer and the hexamer (Blundell et al. in Advances in Protein Chemistry. Academic Press. New York 

45 and London. Vol. 26. pp. 279-330. 1972). with the oligomer forms being favored at high insulin concentra- 
tions and the monomer being the active form of insulin. The tetramer and hexamer are not active forms, 
and even the dimer may not be active. The concept underlying this invention is the inventor's belief that the 
art recognized delayed absorption phenomena (Binder, Diabetes Care 7. No. 2 (1984). 188-199) is in some 
large part attributable to the time required for the insulin to disassociate from hexamer. tetramer and dimer 

so form into the (active) monomer form. 

The human insulin analogues of this invention achieve their rapid action through a molecular structure 
not readily susceptible of dimer, tetramer. hexamer. or polymer formation. i.e. with a reduced tendency to 
self-associate into dimere. tetramers. hexamers. or polymers with or without the presence of zinc ions. 
It has long been recognized from the considerable species-to-species differences in ammo acid 

55 sequence which exist in insulin that not all of the amino acid residues present in the insulin molecule are 
crucial to insulin activity, and that some of the amino acids not essential to insulin activity are important to 
the physical properties of the insulin molecule. Indeed, guinea pig insulin is known to be incapable of 
dimerizing. Sulfated insulin and tetranitro tyrosine insulin do not dimerize. Thus many of the amino acid 
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residues in the human insulin molecule may be changed without substantial decrease in insulin activity. The 
amino acid substitutions in the human insulin molecule herein contemplated are directed to preventing 
formation of dimers, tetramers, hexamers, or polymers without destroying the insulin activity. 

The amino acid residues in the positions in the A chain and the B chain of Formula I where 

5 substitutions may be made are not crucial to the insulin activity, but they are important to the capability of 
human insulin to aggregate into dimers. tetramers. hexamers, or polymers, or for the solubility of the human 
insulin. The present amino acid residue substitutions interfere with the atom-to-atom contacts between 
adjacent insulin molecules that facilitates aggregation into dimers. tetramers, hexamers or polymers. 

As might be expected for substitution purposes, changes in certain positions in the human insulin 

10 molecule are more effective than others. By and large, a single substitution made in the B*chain may be 
sufficient to lessen the sell-associating tendency, whereas at least two changes of other residues may be 
required The substitutions in the A-chain mainly serve to improve the solubility of the dissociated molecule. 
Preferred positions for making amino acid residue substitutions are B9. B12. B10. B26, B27, and B2fl I alone, 
in combination with each other or together with substitutions elsewhere in the insulin molecule as indicated 

75 in formula I. t . ^ 

Manifestly, substitution of one or more negatively charged amino acid residues for an uncharged or 
positively charged amino acid residue is to make the charge of the human insulin analogue more negative 
atneutral pH and lower the isoelectric point vis a vis human insulin. Characteristically, the human insulin 
analogues of this invention have the same or a more negative charge (at neutral pH) and a lower isoelectric 

20 point than human insulin. . . 

By and large from 1 to 3 substitutions will achieve the immediate objectives of this invention, namely 
provide a more riipid action insulin, and such do constitute preferred modes of the invention. By using 2-3 
substitutions an improved miscibirrty with protected insulin preparations may be achieved. However, it is 
believed advantageous that the immediate objectives of this invention can be achieved, also, through a 

26 greater number of substitutions than three, since desirable secondary objectives may be achieved thereby. 
In particular, an additional level of substitution, say presence of 4 or 5 substitute amino acid residues, 
may result in a human insulin analogue that also is less subject to fibrillation, or interface porymenzation^a 
characteristic particularly desirable when the insulin solution is intended for continuous infusion. By and 
large, not more than about 7 substitutions in the insulin molecule are contemplated for the human insulin 

30 analogue of this invention. Preferred are 2-4 substitutions. 

DETAILED DESCRIPTION 

Genes encoding the precursors of the present insulin analogues can be prepared by modification of 
36 genes encoding the above insulin precursors with formula (II) (or III) in which all )Cs are the amino acid 
residues of human insulin by site specific mutagenesis to insert or substitute with codons encoding the 
desired mutation. A DNA-sequence encoding the precursor of the insulin analogue may also be made by 
enzymatic synthesis from oligonucleotides corresponding in whole or part to the insulin analogue precursor 

40 DNA-sequences containing a gene with the desired mutation of the insulin gene are than combined with 
fragments coding for the TPI promoter (TP»P) (T- Alber and G. Kawasaki. Nucleotide Sequence of the Triose 
Phosphate Isomerase Gene of Saccharomyces cerevisiae. J. Mol.Applied Genet. 1 (1982) 419-434), the 
MF«1 leader sequence (J. Kurjan and I. Herskowitz,. Structure of a Yeast Pheromone Gene (MForl): A 
Putative o-Factor Precursor Contains four Tandem Copies of Mature n-Factor. Cell 30 (1982) 933-943) and 

* the transcription termination sequence from TPI of S. cerevisiae (TPlj). TTiese fragments provide sequences 
to ensure a high rate of transcription for precursor encoding gene and also provide a presequence which 
can effect the localization of precursor into the secretory pathway and its eventual excretion into the growth 
medium. The expression units are furthermore provided with the yeast 2u origin of replication and a 
selectable marker, LEU 2. 

so During in vivo maturation of a a-factor in yeast, the last {C-terminal) six amino acids of the MFal leader 
peptide (Lys-Arg-Glu-Ala-Glu-AJa) are removed from the or-factor precursor by the sequential action of an 
endopeptidase recognizing the Lys-Arg sequence and an aminodipeptidase which removes the Glu-Ala 
residues (Julius. D. et al. Cell 32 (1983) 839-852). To eliminate the need for the yeast aminodipeptidase. the 
sequence coding for the C-terminal Glu-Ala-Glu-Ala of the MFa1 leader was removed from the MF«1 leader 

55 sequence by in vitro mutagenesis. In the following text -MFal leader" means the whole leader sequence 
whereas MFa1 leader (minus Glu-Ala-Glu-Ala) means a leader sequence wherein the C-terminal Glu-Ala- 
Glu-AJa sequence has been removed. 
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Example 1 

Construction of a synthetic gene enco ding Bn-29VAi a -Ala-L Y 8^A(1-21) human insulin 

A yeast codon optimized structural gene for B(1-29>-Ala-AJa-Lys-A(1-21) human insulin was constructed 

88 ^ following 10 oligonucleotides were synthesized on an automatic ™ 

phosphoramidrte chemistry on a controlled pore glass support (S.L Beaucage and M.H. Caruthers (1981) 

Tetrahydron Letters 22. 1859-1869): 

I : AAAGATTCGTTAACCAACACTTGTGCGGTTCCCAC 

35- mer 

II : AACCAAGTGGGAACCGCACAAGTGTTGGTTAACGAA 

36- mer 

III, ttggttgaagctttgtacttggtttgcggtgaaagaggtttct 
4 3-mer 

IV: OTAGAAGAAACCTCTTTCACCGCAAACCAAGTACAAAGCTTC 
42-mer 

V: TCTACACTCCTAAGGCTGCTAAGGGTATTGTC 
32-raer 

VI: ATTGTTCGACAATACCCTTAGCAGCCTTACCAGT 
34-mer 

VII: GAACAATGCTGTACCTCCATCTGCTCCTTGTACCAAT 
37-ner 

VIII : TTTTCCAATTGGTACAAGGAGCAGATGGAGGTACAGC 

w 37-mer 

IX: TGGAAAACTACTGCAACTAGACGCAGCCCGCAGGCT 

, 36-mer 
X: CTAGAGCCTGCGGGCTGCGTCTAGTTGCAGTAG 

3 3-mer 

S duplexes A-E were formed from the above 10 oligonucleotides as indicated on fifl. 1. 

4S 20 pmole of each of the duplexes A-E was formed from the corresponding pairs of 5 -phosphorylated 
oligonucteotides »C by heating tor 5 min. at 90- C followed by cooling to room temperature over ape nod of 
^^eaLe, (X) in duplex E was not S'-phosphorylated in order to avoid dimenzahon amund the sett 
LTementary Xbal *ngle sJanded ends during the ligation. The synthetic five obexes were m«ed 
^\Tt4 ligase. The synthetic gene was isolated as a 182/183 bp band after electrophores* of the 

so ligation mixture on a 2% agarose gel. 

The obtained synthetic gene is shown in fig. 1 . m ^ 

Z sySc^ne was .igated to a 4 kb Kpn1-EcoR1 fragment and a 8 Kb Xba1-Kpn1 fragment fi«r, 
PWT644 and a 0.3 kb EcoR1-Hga1 fragment from pKFN9 to give the following structure TPI r MFa1 leader- 

^'ZTJ^^to DNA-sequence TP.p-MF-1 ^^-^^^ro^is 
tion is described in Danish patent specification No. 1293/85. The constructs of ptosm.d pKFN9 is 
described in the following. 
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sequence. One plasmid pKFN27 was selected for further use. 
The construction of pKFN27 Is illustrated in fig. 2 

Construction of plasmid pKFN9 

The pur^se of construe^ of P = = j£R 'JS-t 

immediate* alter %Z£Z~ were removed from the 

Danish patent spec.ficat.on N ^^ A ¥ ^^T J ^ lotion primer G G ATAAAAG AG G CGCGTCT- 
3'ends with Exolll nuclease treatment A synthefic f™"**™ qna. a double 

GMGCTCACTC comaining a Hgal was «r«*d j ^SLTtST^ T4 ligase. After 
stranded circular DNA was made by SZ^'S^ptemS were identified by colony 

transformation of E. col, (r ,m ) (MT 172) a new Hga1 site was confirmed 

hybridization with ^Z^T^^Zr^on a -pure" mutant 
with restriction enzyme cutting (EcoR1+Hgai, n^*"B»'* ^^AinOn 3 
^N9 was selected for further use. The construction of pKFN9 ,s illustrated in fig. 3. 

Example 2 

Preparation of B27Glu human insulin 
consisted of the following steps: 

l Construction of a gene encodino B27Glu, Rf1-29yAla-A te-L Y s-A(1-21) insulin 
Xba1 double stranded linker 



36 



40 



Xbal 2i2« 
CTAGAAGAGCCCAAGACTA 

TTCTCGGGTTCTGATTCGA 



where about 250 nucleotides were removed from each 3'-end of the DNA <L Quo and R. Wu (i«»>. 
Methods in Enzymotogy 100. 60-98). H/r-rrrrTTCTACGAACCTAAGGCTGC) was anealed 

in Enzymology 65, 409-660). 
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II. Transformation 

S. cerevisiae strain MT663 (E2-7B X E11-3C a/a. A tpi/A tpi, pep ^4-3) was grown on YPGaL 
„ - R aptn vaas t extract 2% Bacto peptone, 2% galactose, 1 % lactate) to an ODw™. of 0.6. 

s ( ,M mlTc^ waVh^^cen^iSgation. washed with 10 ml of water, recentrifuged and 

5 „J££d* lOnJofT* MsorbrteJsmMNa.EDTApH = B.^. d^. Je a^nj^ 
was incubated at 30 -C for 15 minutes, centrihiged and the cells resuspended ,n 10 ml of 1.2 M sortoW. 10 
mM ZeDTA. 0.1 M sodium citrate pH = 5.8. 2 mg Novozym- 234. The suspension was incubated at 
?o"c £ 3C i minutes. the cells collected by centrifugatton. washed in 10 ml ol 1.2 Msorbrto. and ,n 10 I mlof 

, 0 CAS if Tz M 10 mM CaCb. 10 mM Trie (Tris = Trie (hydroxymethyl)-aminometan) pH - 7J) and 

^so^Tf m of CAS. ft transformation 0.1 ml of CAS-resuspended cells were m«ed wrth 
SZSSy 1 ug of plasmid PKFN37 and left a. room temperature for 15 mnutes * 
SSL 4000, 10 mM CaCfe. 10 mM Tris pH = 7.5 was added and the ^ left for turner 30 
I IS temperature. The mixture was centrifuged and the pellet ^uspended ,n ,0.1 ml of 80S 
^ o m Jlitni •«<*. Wv YPGaL 6 7 mM CaCfe. 14 ug/ml leucine) and incubated at 30*C for 2 hours. Ttie 

,6 (12 M ro *^^ v ^I^ B ^ d m ^ e resu^ended in 0.5 ml of 1.2 M sorbitol. 6 ml of top agar 

transformant KFN40 ( = MT6B3/pKFN37) was chosen for further characterization. 

III. Expression of B27Glu. B(1-29)-A1a -Ala-Lv8-A(1-21) insulin precursor 

Yeast strain KFN40 was grown on YPD medium (1% yeast extract. 2% peptone (both from DHco 
laJiTldT^glucose) A 10 ml culture of the strain was shaken at 30 «C to an ODsoo of 26. After 
SmZaS. Ve supeLam las analyzed by reversed phase HPLC and 13.S 

The anatooue in the supernatant was concentrated on a cation exchange column at low pHfoltowed by 
deso^oTSTsSe butter solution. Crystallization was performed with an alcoholic citrate buffer. 

IV. Transpeptidation 

0.2 mote (47.1 g) Thr-OBu', HOAC was dissolved in DMF to give 100 ml solution. 50 ml 7BS%«JfDMF 
in water^S added and 10 g of crude B27Glu. B(1-29)-Ala-Ala-Lys-A(1-21) human insulin was di^vedin 
L StuT JhtehW thermostated at 12-C. Then 1 g of trypsin in 25 ml 0.05 M calcium acetate was 
^^^24 H 12 ? ^eTbrture was added to 2 liter of acetone and the precipated peptides were 
X^gln 2 ^ drte^vacuo. The B27G,u. B30Thr-OBu. human inau.in was puritted on a 
preparative HPLC column with si1ica-C18 as column material. 

40 y. Conversion into B27 human insulin 

The B27Glu. B30Thr-OBu« human insulin was dissolved in 100 ml triflour ; ««*cackl. After 2 hours at 
roomtemperatue the solution was lyophiiized. The fyophilized powder was d^ofved «, 400 ml 47*mM 
STum ciSate at pH 7. The peptides were precipitated at pH 5.5 after addrtionof 2.4 mM U ' ^J*** 
, 5 bTcWifugation and dried in vacuo. The product was purified by anion exchange chromatography and 
desalted by gel filtration. Yield: 1.7 g of B27Glu human insulin. 

Example 3 
so preparation of B9Asp human insulin 

B9Asp human insulin was prepared by transpeptidation of B9Asp. B(1-29hAla-AlarLys-A(1-21) human 
insulin with Thr-OBu' and acidolysis of the obtained threonine ester with triflour acetic acid. 

55 j. construction of a gene encoding B9Asp. Bf1-29VAla-Ala-Lys-A(1-21) human insulin 

This gene was constructed in the same manner as described for the ^ n< ^f^ lu ; ^ 
Ala-Ala-Lys-A<1-21) human insulin by site specific mutagenesis of pKFN27 directed by a 23Hiwr 
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mutagenesis primer d(CTTGTGCGGTGACCACTTGGTTG). Plasmid P KFN38 was shown to contain the 
desired mutation. 

II, Transformation 

Plasmid pKFN38 was transformed into S. cerevisiae strain WTT663 by the same procedure as in 
example 2. II and a transformant KFN41 was isolated. 

III, Expression of B9Asp, B<V29)-AlarAla-Lvs-A (1-21) human insulin 

Yeast strain KFN41 was grown on YPD medium as described in example 2,111. 2.5 mg/l of the insulin 
analogue precursor was found in the supernatant 

IV. Transpeptidation 

7.4 g of crude B9Asp, B(1-29)-Ala-Ala-Ly8-A(1-21) human insulin was transpeptidated as described in 
example 2. IV to give B9Asp. KJOThr-OBu 1 human insulin. 

V. Conversion 

The B9Asp, KJQThr-OBu* human insulin was converted into B9Asp human insulin as described in 
example 2, V. Yield: 0.83 g B9Asp human insulin. 

Example 4 

Preparation of B9Asp. B27Glu human insulin 

BBAsp. B27G!u human insulin was prepared by transpeptidation of B9Asp. B27Glu B(1-21hAla-Ala-Lys- 
A(1-21) human insulin with Thr-OBu' and acidolysis of the obtained threonine ester with triftour acetc acid. 

■ nonaction of a gene encoding B9Asp,B27Glu,Bn -29VAIa-Ala-Lys-A(1-21) human insulin 

A 367 bp EcoR1-Hind3 fragment from pKFN38 (see example 3) and a 140 bp Hino^^l foment 
from 0KFN37 (see example 2) were ligated to the large Xba1-EcoR1 fragment of plasmid pUC13 (this 

« ZnS^Z coSucted as described SrpUC8 and pUC9 by vleira et al. (1982). Gene 19. 259**). The 
En mixture was transformed into E. coli (MT 172) selecting for ampicillin resistenos. Plas mjds ^were 
X^ed from a number of transformed and analyzed by digestion with Pst1 and with H,nd3. The 0.5 kb 
X^TecoRI fragment from one plasmid. which showed the correct restriction enzyme patterns was ligated 
to a 7.8 kb Xba1-Kpn1 fragment and a 4.3 kb Kpn1-EcoR1 fragment both from pMT644 (described in 

40 Danish patent application No.1 293/84). The ligation mixture was transformed into E. coji (MT172) a&tecting 
for ampicillin resistance. Plasmid pKFN43 from one of the resulting colonies was shown to cortontfie gene 
for the desired insulin derivative piecursor by DMA sequencing of a 0.5 kb Xba1-EcoR1 fragment. The 
construction of pKFN43 is illustrated in fig. 5 

45 II. Transformation 

Plasmid pKFN38 was transformed into S. cerevisiae strain MT663 by the same procedure as in 
example 2. II and a transformant KFN44 was isolated. 

so ill. Expression of B9Asp.B27Glu. B(1-29)-Ala-AlarLy s-A(1-21) human insulin 

Yeast strain KFN44 was grown on YPD medium as described in example 2. III. 7.3 mg/l of the insulin 
analogue precursor was found in the supernatant 

55 IV. Transpeptidation 

12.7 g of crude B9Asp.B27Glu, B(1-29)-Ala-Ala-Lys-A(1«21) human insulin was transpeptidated as 
described in example 2. IV to give B9Asp.B27Glu,B30Thr-OBu t human insulin. 
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V. Conversion 

Th« B9Asd B27Glu B30Thr-OBu' human insulin was converted into B9Asp B27Glu,B30Thr human 
insrJpXLSbed in example 2.V. r,e.d: 1.0 g B9Asp,B27G,u human .nsuUn. 

Example 5 

Preparation of AaHis.B9Asp,B27Glu human inaulin 
acetic acid as described in example 2. 

.^^^ AgHjg BgAgo R»TG.„ Rf1-^A,a-A te -Lys-A(1-21) human inauHn 

~ This gene waa conarucfcd by rtigonuc^de ^ ( -^^a72^r^cTa 
(Y. Monnaga. T.^ceschini S ^-£JJ2 ^SSS^Ln insu.in 'precursor (fig. 
derived plasmid encoding the MR»1 ™ ^ tf jd , inearized whh Ndel. After 

pKFN43. 
30 ll. Transformation 

Piasmid P KFN102 was transformed into S. «rev«ae strain MT663 by the same procedure as in 
example 2. II and a transformant KFN109 was isolated. 
x ... B gressjgn of A8His 1 gA^ i B27Gju J B(1-29)-Ala-Ala-Lys-A(1-21) human insulin 

Yeast strain KFN109 waa grown on YPD medium as described in example 2. .... 21 .5 mgfl of the insulin 
analogue precursor was found in the supernatant 

40 jv-V. Transpeptidation and conversion 

. aQ A.n r^trii. BM-29VAIa-Ala-Lys-A(1-21) human insulin was transpeptidated, 

45 Example 6 

Preparation of B12lte human insulin 

insulin with TTir-GBu' and acidolysis of the obtained threonine ester with tntiour aceuc 



so 
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example 2. 



, ruction of a per- encoding B12lle. B^AIa-Ala-Lya-Atl-*) human insulin 

A OS kb EcoRt-Xbal fragment of pMT598 (the construction of +Z£^*££££. 
patent applied No. 0163529A) encoding JIWj S^SC^^Ie^d DNA 
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sequencing primer d(TCCCAGTCAC6ACGT). ^^^ ftr ^ N ^Sd»9en so as to destroy a BstNl 
nSase Z Egated by T4 DNA liflase. The ™*gemc J2£^J5J EooR1-Xba1 fragment 
site (unique in the Xba1-EcoR1 fragment). Thewrfore. to "^"JJJ 1 liflated to E coR1 and Xbal cut 
the mixture was cut wrth BstNl and ^^J^Z^^mZm •» BstNl site in the 
PUC13 vector. From one "J^^^^l^ was verified by Mexam-GHbert DNA 

Sal K^M and a 4.3 Kb Kpnl-EcoRI fragment from pWT644 to g.ve pMTA 
ii-v. Transform^ ™ Ex pression. Tr^ pfidafion. Conversion 

P,asm* PMTA was transformed 7 ?£tt JT—SS 

transformant strain MTA was V™*****"™ Logue precursor was transpepfidated. 

20 Example 7 

Prnpnrr*""' of BIZTyj human insulin. 

described in example 2. 
L Consjn^^ 

(GT7GAGAGCTTCGTACAGGTGTGAGCC) was used instead of KFN92. 

,1 jy x..^ mfltinn . Ex pression, Tmnapepfidafi on. Conversion. 
36 , , H«^,h«i in examote 2. 1.7 mart of the insulin analogue precursor was 

Seamed in example 2. WV » gjv. B12Tyr !»«"» Muta. 

40 Example 8 

Prft paration of BIOAsp human insulin 

described in example 2, 

L Cong g uc M ofa g «*P BIOAsp. Bd-^AIn-Aia-l y*(l«l) human insulin 

^CTOCACCAGATCTGAGCCGCACAG) was used .nstoad of KFN92. 
„.w Tjanjfomjgtjon.^^ 

58 . A*e~i***i in marnote 2 38 mo/l of the insulin analogue precursor was 

JWrJSSTS SLn^ V £p«— . converted and purtfied as 

Sibed in exaWte 2. IV-V. Yield: 7.8 g of BIOAap human ,nsu..n. 
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Example 9 

Preparation of B2BAap human insulin 

B28A3P human insulin was prepared by transpeptidation of B28Asp. W?^* 1 ?*'^ 2 " human 
insulin with Thr-CMe and hydrolysis of the obtained threonine ester at a pH of about 8 to 12. 

I. Construction of a gene encoding B28As o. E»1-29VA1a-Ala-Lys-A(1-21) human insulin 

A 0 5 kb EcoRI-Xbal fragment of pMT 482 (the construction of plasmid pMT 462 is described lin 
Dan£h aSSaZ nTi257/B6) encoding the MF«1 leader (minus Glu-Ala-Glu-AlaJ-B-C-A, ..e. the 

22 PlT^r^* by thl modHled ^^ZZTo^^Z^^ 
wrth Xba1-EcoR1 and the corresponding single strand DNA was P««^ om * e J^ 3 
X»The sinole strand template DNA was hybridized to a mutagen* 41 mer pnroer NOR205 d- 
^CAC^T^^^ and a M13 universal ^"gpnmer d^ 

[tCCCAGTCACGACGT). The prime* were extended by dNTPs and Wenow polymerase and hgated by T4 

DNA AKheno. extraction, ethanol precipation and resuspension. the DNA was cut with restriction enzymes 
ApaTX and EcoR1. After another phenol extraction, ethonal precipitation and ""l™^** ™» 
las Itoated to EcoR1-Xba1 cut pUC13. The ligation mixture was transformed into an E. col. (rm Xmn 

5SU ZZ oreoared from a number of transformants. Plasmid preparations were cut wrth EcoR1 
£ KiTl'SSir showing bands * ~~ 

From the ^transformation a transformant harbounng only pU13 wrth a 0^5 MM _ 

From one of the transformants obtained a plasmid pMT881 wrth the des.red mutation atB28(Pro-« 
Aaolwas chosen The mutated sequence was verified by Maxam-Gilbert DNA sequencing The mutated 
2££ waTttTenmoved onto ayeas. expression plasmid by ligation of a 0.5 kb EcoRI-Xbal fragment of 
S^teT?." to S-^Kpnl and a 4.3 kb Kpnl-EcoRI fragment from pl*T644 to give pMTA1. 

II. Transformation 

Plasmid pMTA1 was transformed into S, cerevisiae strain MT683 by the same procedure as in example 
2, II and a transformant MTA1 was isolated. 

III. Expression of B28Aso. B(1-29) -Ala-Ala-Lvs-A(1-21) human insulin 

Yeast strain MTA1 was grown on YPD medium as described in example 2. III. 7.2 mg/l of the insulin 
analogue precursor was found in the supernatant 

IV. Transpeptidation 

The crude B28Asp.B(1-29>-Ala-Ala-Lys-A(1-21) was transpeptidated as described in example 2. IV by 
substituting Thr-OBu« wrth Thre-OMe to give B28Asp. B30Thr-OMe human msulm. 

V. Conversion 

The B28Asp.B30Thr-OMe human insulin was dispersed in water to 1% (w/v) ^ d^jved by 
addition ofTidium hydroxide to a pH value of 10.0. The pH value was 

at 25-C. The B28Asp human insulin formed was procipitated by addition of sodium chlonde to about 8% 
Zm sodium acetate trihydrate to about 1.4% (w/v). and zinc acetate dihydrate to about0.01% (wAO 
SL* adSn of In hydrochoric acid to pH 5.5. The precipitate was isolated by elation and 
puZf by anion exchange chromatography and deserted by gel filtration. Yield: 0.2 g B28Asp human 
insulin. 
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Example 10 

grgggfatign «f A21 Asp,B9A3p,B27Glu human insulin 

A21Asp, B9Asp, EK7G.U human insulin was ^*.^ a ~ ^2^222 
deamidation (hydrolysis of a 5% solution for 14 daya at 37 C. pH 2.5). TTie aeam 
isolated by anion exchange chromatography. 

Example 11 

o,» ra „rtinn nf B27Glu^21Asp human insulin 

example 2) by deamidation as described in example 10. 
Characterization of humnn insulin angjoflug <* the present invention 

Determination of molecular weights (Gutfreund H. Biochemical Journal 42 (544) 1948). 
Method; Knauer Membran Osmometer 
Type: 1.00 

Membran: Schleicher and SchQII 
25 Type: R52 

Solvent: 0.05 M NaCI pH 7.5 

Results: LTm^ot insulin were measured at a concentration of 4 mg/ml 



20 



30 



Table 1 



of insulin 

Hunan 22n insulin 

Human Zn free insulin 

Zn free B27Glu human insulin 

- - Bl2Ile human insulin 

- - B27Glu,A21Asp human insulin 

- - B9Asp,B27Glu human insulin 

- - B9Asp human insulin 

45 - - B9Asp,B27Glu,A21Asp human insulin 

- - B9Asp,B27Glu,A8His human insulin 

- - BlOAsp human insulin 
so - - B28Asp human insulin 



Molecular weight 
k Dalton 
36 t 2 
± 1 



29 
22 
17 
8 
6 
6 
6 
9 
12 
9 



1 
1 
1 
1 
1 
1 
3 
1 
2 



_ _ ahrtuA table < that ^ human insulin analogues have a markedly reduced molecular 
as is less pronounced or in several cases even lacking. 
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Table 2 



Half life and Biological potency 




Human insulin analogue 


(% of human insulin) 


Biological potency" % of human 

insulin corn, htujiyoij 


B27Glu human Insulin 
B9Asp,B27Glu human insulin 
Bl21le human insulin 
B27Glu,A21Asp human Insulin 
BQAsp human Insulin 
A2lAsp,B9Asp,B27Glu human Insulin 
A8Hls,B9Asp,B27Glu human Insulin 
BiOAsp human insulin 
B28Asp human insulin 


78 
54 

78 
56 
52 
56 
68 
64 


101 (83-123) 
110(90-139) 
91 (80-103) 
64 (58-71) 
80 (72-90) 
75(66-85) 
116(101-135) 
104(92-118) 
104(95-114) 



i UIK7 oj »#w/v «i«rr 

1969 (Acta Pharmacol. Toxicol (suppl 2) 27:1-87) 

- Mouse Blood Glucose Assay according to European Pharmacopoeia. 

R appears from the above table 2 that the time to 50% disappearance of the Insulin analogues from the 

reduced. 

SSms lor the following Contracting States : BE, CH, DE, FB, GB, IT, U, LU, NL, SE 

1. Rapid acting human insulin analogues, characterized In that they have the formula I 



A-chain 




B -chain 



wherein at least one but not more than seven of the Xs are the same or different amino acid residue 
"SZ ~L net tunc*,,, of which is to Impart to the molecule the same charge or a greater 
reS ie a^STH L that of human insulin, the remaining X* ^^ na^ amino 
^Z^ZZ human insulin at the respective position In the insulin molecule, with the proviso that 
^^^oTTbStion in the Enchain and that when X In position B(5) teAla X in positionB- 
STls u?xVpo^ B00)is Asn or Leu. X in position B(12) is Asn or X in position B<26) is Ala then 
?££or» of ^malnlng Xs are different from the amino add resfdues of human Insulin at the 
S^pcJ^lnTei molecule and wHh the further proviso that X in ponton B® cennotbe 
iw^u * i be Q|u ^ wherein one or more amino acid residues may nave 

SnTemov^^ N anX^ Sm.nal^s of the A- and/or B^haln, wtth the JWttona. prov^ 

or more of positions B(1). B(2), 8(5). m BJ0). B07) 
one ofanv of the Xs. except any X which is Ala In position B<1). B(2). B(5). B(9). B(10). B(27) and/or B- 
m, JS£Ht from Jhe amino add residues of human Insulin at the respective poshion in the Insulin 
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molecule 



^ .i«im 1 wherein the amino acid residue substitutions are more 

molecule. 

_ . ._ . ^h^ein ihe amino acid substitutions are selected horn 
Human insulin analogues according to claim 1, wher«n the ammo 
.he group consisting of Asp, Glu, Ser. THr. H* and He. 

Human inaulin Rogues according to .aim 1. ^ein the amino acid residue substitutions are Asp 
and/or Glu. 



^ Hnim 1 ^rf^r, at least one X in position B(9). 8(10). B{12), B- 
of human insulin. 

insulin. 

of Ty». X In po«u AB » «P ««<^?» ■? J J^IJm is HU. in posito. B9 ia Asp and in 
position B28 is Asp. 

the B-chain. 

residue and/or the B<30)-amino acid residue. 

10. A method (Of • P»P»^ '.rZXS^ SZSZZZZXSZZi 
cowartns . w~<~* ^ZEZZimmSi* i>ocor» » ««•«— from no 

conversion. 

11. A method too » pmP— « — — - »P- — • — — ' 
precursor of the general formula II 
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A -chain 




20 



25 



B- chain 

wherein CL is a peptide chain with n naturally occuriog amino acid residues. R isLys «r Arg. nfe an 
vl^« fmm n in S m is 0 or 1. and the *s are defined as above with the proviso that the peptide 
2TrT£ do^nol two tfjacent basic amino acid residues is reacted with an L-*reon,ne 
eS in *e of^iT. ^ derivative foltowed by conversion of tteobtained threonine 

Sel 52 £Zn insuiinTaJogue into the human insulin analogue by known methods. 

12. A method for the production of human insulin analogues according to claim 1, wherein a biosynthetic 
precursor of the general formula III 



30 A-chaln 




H U »« tft M t? !■ >• 



50 



55 



8 -chain 

. . v anri T each Lvs or Ara and the )Cs are defined as above, are reacted with trypsin and 

SSi"nCS^ the human insulin anaiogue is recovered from the reaction 

mixture. 

13. A process for the preparation of human insulin analogues according to cWm O Jj* 
anaS conning Inappropriate amino acid substitutions are synthesized chemically ac^ngto 
SreZror A- and Chains containing the appropriate amino acid subsfituton are synced 
HZX according to known methods and the modffied A- and ^ Z^JfiXigL 
establishing disulphide bridges between A(7)Cys and B(7)Cy8. and between A(20JCys and B(i8)uys 
and the internal A-chain bridge between A(B)Cys and A(11)Cys. 
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* ^ .ho^tfirbred in that they contain a human insulin analogue 

r rs rr * rs^su— • » — ***** ■ 

neutral pH. 

5 Claims lor the following Contracting State : AT 

1. A method lor me preparation of human insulin analogues of the formula . 
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B - chain 



*„„ ««« of the Xs are the same or different amino acid residue 
therein at least one but not more than seven of toe Xs are ^ charge or a greater 

substitutions, the net function of wh.ch « to impart to the ^ ^jno 

Negative charge a, neutral "JJJ^X*^— * *S 
acid residues of human insulin at the respective JJ»J" B(5) * ^a, x in position B- 

there is at least one substitution in the *^ n ™^^™£^ f x ,„ position B(26) is Ala. then 
(9) is Leu. X in position 8(10) K M. or Lej, X ^n po«on Bfl9 %£J%^ in8ulin * ^ 
at least one of the remaining Xs are <^J££X^S» that X in position 8(5) can not be 
respective position in the insulin molecule and ^J^™ «™£ B ^ residues may have 
A^TxTposrtion B(12) cannot be Glu t £^?JZZ££i with me additional proviso 
been removed from the N- and/or - JJ? t^S.^JJ B(27) or B(2B). then at least 

mat. when X is Ala in one or ^^J^^JS^)^^ m. B(10). B(27) and/or B- 
one of any o, the Xs. ^^^SSS position in the insulin 

s^rr^Te^ 

r P r u ^^^^ - - - insu,in * by 

enzymatic and chemical in vitro conversion. 



A method for the preparation of human insulin anatogues of the formula I 
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wherein at least one but not more than seven of the Xs arc the«»me or different 
substitutions, the net function of which is to impart to the molecule the same charge or a greyer 
neoative charge at neutral pH than that of human insulin, the remaining Xa being the natural amino 
add residues of human insulin at the respective position in the insulin mo^le with the pwm MM 
mere is at least one substitution in the B-chain and that when X in portion B(5) «Ma Xm posjonB- 
STis Leu X in position B<10) is Asn or Leu, X in position B(12) is Asn or X in position B(26) 'S Ala then 
S teait one 7£ renWning Xs are different from the amino acid residues of human insulin at the 
respective position in the insulin molecule and with the further proviso that X in po^on^S) can not be 
Aso and X in position B(12) can not be Glu, and wherein one or more amino acid residues may have 
bten TemoJed^m the N- and/or C-terminal ends of the A- and/or B^hain. with the additional prov«> 
w Z^sTml* or more of positions B(1). B<2). B(5). B(9). B(10). B(27) or B(28) *en at "eaa^ 
« of th7*s. except any X which is Ala in position B(1). B(2). B(10). TO 

is different from the amino acid residues of human insulin at the respective posfcon in the maulm 
molecule, wherein a btosynthetic precursor of the general formula II 

A -chain 




!• ii t» »« i» »• — »» »• 



40 



B - chain 

wherein 0, is a peptide chain with n naturally occuring amino acid residues. R is Lya or Arg. nis an 
^ from 0 toTm is 0 or 1. and the Xa are defined as above with the proviso that the peptide 
2T£& does no. contain two adjacent basic amino acid residues is reaped ^^-* = e 
ester intte presence of trypsin or a trypsin derivative followed by conversion of the obtained threonine 
ester of the human insulin analogue into the human insulin analogue. 

3. A method for the production of human insulin analogues of the formula I 



a A -chain 



so 




M 11 Ii II I* »» ** " 



B- chain 
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10 



75 



at .east one .ut not more man seven C are <^™£ JJ- ^ 

s^ons, the net fusion of whic* . ^^^^17^ ffn-ur-'-no 
negative charge at neutral pH J™**^"™^' insulin molecule, with the proviso that there 
acid residues ot human insuhn at * e '^P 60 *** n J*™ a Ma> x in position B(9) is 

is at least one substitution in the B-cham an J ^TxVn position 8(26) is Ala. then at 
Leu. X in posrtion B(10) is Asn or Leu.X ,n , ^ton «1« s Asnor Xj n pos ^ ^ ^ ^ 
least one of the remaining )Cs are drfferent from ^ ^ ^ x jn b<5) can not be 

respective position in the insulin mo ^ d ^^ n ^ e Tm"e^ino aS residues may have 
Asp and X in position B(12) can not be Glu. ° LSbr M«S with the additional proviso 

;r^r^r£S»; 

motcule, wherein a btosynthetic precursor of the general formula III 



A -chain 




B - chain 



mixture. 



40 4. A process 



for the preparation of human insulin analogues of the formula I 



A -chain 




sfi B - chain 



wherein at least one but not more than seven 



of the Xs are the same or different amino acid residue 
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there is at toast one substitution in the ^ n .^^^ s 'Z^in position 6(26) is Ala. then 
(9) is Leu, X in position 8(1 0) is Asn or Leu. X ^n pc**on ^^^^n insulin at the 

at least one of the remaining Xs are ^^j^^^^Sa, x in position B(5) can not be 
respective posrtion in the insulin m ^ te R ^^ n ^ e Tm^eTnino Residues may have 
Asp and X in position B(12) can not be Glu and wherein i ne an m o ^ ^ 

been removed from the N- and/or ^term^er^ of ^e ~ ^ « least 

mat. when X is Ala in one or more of PpT^^^^JTSl B» B« BTO. 8(10 . B(27) and/or B- 
one o, any o, the Xs. ^^^^ ^^^ -pS pUon in the insulin 
(28). is different from the amino acid resiaues or ™. , acid substitutions are 

molecule, wherein the insulin analog**; «M ^ A a ^ d * B ^^ Staining me appropriate 
synthesized chemioalty accord^ Jj^j^^^^memod. and me modified A- 
a.nino acid substitution ^^^SSSSS^ Sages between A(7)Cys and B(7)Cys. and 

respective position in the insulin molecule. 

^ i ^ c wherein the amino acid substitutions in the insulin 

* issrsr sxss; ~ « ss* - ~ ~ - * 

, ^ 1 ^ 7 W herein at least one X in position B(9), B(10), B(12), 



eampoM^ M In lh* moHed* of numn insulin. 

„ rcim n .nereis « WW one X In poeittoi B(9|. 6(12). B(Z7) or BpJB) is 

position B27 is Glu. X in position B12 « lie. or Tvr "^P°!? 0 d [ ^j^, ^ is Glu. X in 

position B9 is Asp and in position B27 is Glu. or X in position B28 is Asp. 

terminal end of the B-chain. 
12 . A ^od according to Cla-m 2. wberein me insulin anatogue prepared .acks me B(1)-amino acid 
residue and/or the B<30>amino acid residue. 
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S2235S m*mm~m— «• » mu U, ' MU * 



A-Kette 




20 



t , 4 • • ? • « « " » - 

B-Kette 



26 



30 



35 



worm wenigstens ei, aber ^e, * mm ^^^^T^^ 
substrtutionen sind. de«n ^ ^J^Sn ztt^hen, wobei die restlichen Xe 
negative Ladung bei neutraiem pH * a*""* «» orechenden Position im insulin-MolekOI 

die naMrttchen Aminosaurereste von Human.n»ul.n "J^JSS^Si. flM und dafl. wenn X in 
3ind, mH der Maflgabe, dafl ea wen,g«ene «ne ist X in Position B(12) 

PoarSon B(5) Ala iat X in Position B(9 Leu «t, ^.^*°"^r^^ en ^ verschieden 1st von 
Asn ist Oder X in Position B<28) Ala is. ton T^^^^^^oS^rin^lin-MoteklJI, und mit 
den AminosSureresten von Humanmauhn sr. der .^^^J^Sx'J Po8ition b^, nicht Qlu 
der wertoren MaBgabe. daBX in Posrton I >n-«MP£ "J^'S^SSSi B-« der 
sein kann. und wobei ein ^^ ere .^^ n Ur ^^£ fche ^Bg abe . dafl. wenn X in einer 

chenden Position im Insulin-MotekUI. 
a. Ana.oga von Insulin nach Anspruch 1. ~<*«i^ U ^ "* ^ ** 

3. Analoga von Humaninsu.in nach Anaprucn 1. wobei die Arninoaiureaubatitutionen ausgewah., sind aus 
der Gruppe. die aua Asp. Qlu, Ser. Thr, His und lie besteht 
« 4 Analogs von Humaninsulin nach Anspruch 1, wobei die AminosSurerestsubstitutionen Asp und/bder Glu 
sind. 

so MolekQI von Humaninsulin. 

6. Analoga von Humaninsulin nacb Anaprucb ^ r**^*^^ SSm SSSH 
B(28)verschieden ist von dem Aminosaurereat an der entspiechenden Stetie im wo.e 

sulin. 

56 . . • ~* i wnbei X in Position B27 Glu ist X in Position B12 lie Oder 

7. Analog von Humanaisulin nach *^J£*BW SluTx in Position B9 Asp ist X in Position A21 
Tyr ist. X in ftrttoi .Ml Asp , Mdn ^ » * j^^^ At^His iat in Position B9 Asp ist und 
und in Position B9 Asp und in Position BZ7 uiu isi, a. hi ruwowi 
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75 



jlin nacn Ansprucn i, uauuiwi yo^oiiii*.w.w.,.~ M — - - 

der B-Kette und/oder bis zu fUnf Aminosturereste am C-terminalen Ende der B- 



in Position B27 Glu 1st. X in Position B10 Asp ist, X in Position B9 Asp ist und in Position B27 Glu ist 
Oder X in Position B28 Asp ist. 

8. Anaioga von Humaninsulin nach Anspruch 1, dadurch gekennzetehnet. dafl ^^bfe ru vier^Amin^u- 
rereste am N-Term 
Kette fehlen. 

9. Analoga von Humaninsulin nach Anspruch 8, dadurch gekennzeichnet, dafl ihnen der B(D-Aminosaure- 
rest und/oder der B(30)-Aminosiurerest fehtt 

chemische in-vitro-Umwandlung umgewandelt wird. 
11. En Verlahren zur Herstellung von Anatoga von Humaninsulin nach Anspruch 1. wobei ein btosynthet- 
scher Vorlaufer der allgemeinen Formal II 



20 



A-Kette 




B-Kette 



<s worin O, eine PepWkette mil n natUrtich auftretenden Aminosaureresten .st, R i Lys Oder A* ist. n «ne 
iton lows 33 ist. m 0 Oder 1 ist und die Xe wie oben deliniert aind. mit der MaBgabe. daB 
r^2Jle^ Q tnTcnt rwei benachbarte basische Aminosaurereste enthalt. mit einem L-Threoni- 
nt£T£ i^Ge^^TrySin Oder einem Trypsin-Derivat zur Reaktion gebracht wird. gefolgt 
Tto ZSXsZ^ finest** des Analogs von Humaninsulin in das Analog von 
so Humaninsulin mit bekannten Verlahren. 

12. Bn Verfahren zur Herstellung von Analoga von Humaninsulin nach Anspruch 1, wobei ein btosyntheti- 
scher Voriaufer der allgemeinen Formel III 



55 
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A-Kette 




20 



B-Kette 



25 



30 



^ v nnri t ieweils Lvs Oder Arg sind und die Xe wie oben definiert sind, mH Trypsin und 

25^^ « ***** und *" ™ Humanm 

aus der Reaktionsmischung gewonnen wird. 
,3. » VMM. » H«»> «. *«**■ « ^'^""L^l'^rvt^'SS 

Cyfu^Zinlernen A-KettenbrUcke zwfcchen A(6)Cys und A(11)Cys verknOpft warden, 
vorzugaweise bei neutralem pH, enthaiten. 



40 



45 



50 



55 
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Patents napructie 1Ur folgenden Vertragaataat : AT 

1. En Vertehren zur Herstellung von Analoga von Humaninsulin der Formal I 

A-Kette 




, . . . , . . - .•.»«••»>• « « » *« » - 



20 



B-Kette 



25 



30 



35 



40 



worin wenigatens ein. aber nicht mehr ala sieben der Xe diaaelban odar verachiedene Arninoaaurareat- 
ZSSSTL. deren Nettofunktion aa ist dam MoiekQ. die^te Ladung^ar e,^ groBere 
negative Ladung Dei neutralem pH aJa diejenige von Humaninsulin zu vertoher^wobe, die reattiche Xe 
d^rlichen Aminosaurereato von Humaninaulin an der entsprechenden Poajton '"J™^ 01 ^ 
and mil der Maflgabe. dafl ea wenigatens eine Substitution in der B-Kette gibt und dafl. wenn X in 
P^B^AlaTxin Position B(9) Leu * X in Position B(10) Aan Oder Leu iMXhMn 
Asn ist Oder X in Position B(26) Ala ist. dann wenigatens eines «*^** n ^™^ ' *™ 
den Aminosaureresten von Humaninaulin an der entsprechenden Pos*on .n «J Jj 

der weiteren Maflgabe, dafl X in Poaition B(5) nicht Asp sein kann und X in Position W2) mcht Ou 
slZHnd wobei ein Oder mehrere Aminoeaurereate von den N- und/oder C-terminalen Bnden der 
A- und/oder B-Kette entfemt worden sein konnen. mit der zusfitzlichen Maflgabe. dafl. wenn X in einer 
Oder mehrercn der Positionen B(1). 8(2). B<5). 6(9). ^J^^^^^^ 8 ^ 
aines von alien Xen. mit Auanahme von jedem X das in Posrton B(1) B(2). B(5) B(9). WWjJWn 
und/oder B(28) Ala ist verschieden ist von den Aminosaureresten von Humaninsulin an der entspre- 
ehenden Position im Insulin-Molektll, 

l einIL,, der ein replizierbares Expressionsvehike. errthaH. .^ne O^^uanz 
umfaflt die einen Vorlfiuter dea Analogs von Insulin kodiert. in einem geeigneten Nahrstofhn^mm 
kultiviert wird und der Vorlaufer aus dem Kulturmedium gewonnen und in das neuaruge Analog von 
Insulin durch enzymatische und chemische in-vitro-Umwandlung umgewandett wird. 



50 
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2. Bn Verfahren zur Heretellung von Analoga von Humaninsulin der Formel I 



A-Kette 




l| It IT II t» «■ »• »> 



II 1. » 1* «» »• >• » 



20 



B-Kette 



25 



30 



worin wenigstens ein. aber nicW mehr ate sieben der Xe dieselben Oder verschiedene Aminosaurerest- 
SlSTld. deren Nettofunktion es tet dem MolekOI diese.be Ladung Oder mg>Hin> 
negative Ladung bei neutralem pH als diejenige von Humaninsulin zu verteihen, wobei die wNiehm xe 
die^atQriichen Aminosaurereste von Humaninsulin an der entsprechenden Position ,m lnsul.n-MolekOI 
and mit der Maflgabe, dafl es wenigstens eine Substitution in der B-Kette gibt und daB. wenn X in 
Position B(5) Ala tet, X in Position B<9) Leu tet, X in Position B(10) Asn Oder Leu 1st, X in Posrtion B(12) 
Asn ist Oder X in Position B(26) Ala tet. dann wenigstens eines der 'estlfchen Xe ve^eden ist von 
den Aminosaureresten von Humaninsulin an der entsprechenden Position im kwta-MoMI, 
der weteren Maflgabe. daB X in Position B(5) nicht Asp sein kann und X in Position B<12) ^rucht Gkj 
sein kann, und wobei ein Oder mehrere Aminosaurereste von den N- und/oder C-terminaten Enden der 
A- und/oder B-Kette entfernt worden sein konnen. mit der zusStzlichen Maflgabe. dafl. wenn X in einer 
Oder mehreren der PosHtonen B(1). B(2). 8(5). B(9). B(10). B(27) Oder ^ Ate tet. dann wenigstens 
eines von alien Xen. mit Ausnahme von jedem X das in Position B(1). B(2). B(5). B(9). B00).Bg7) 
und/oder B(28) Ala tet verschfeden tet von den AminosSureresten von Humaninsulin an der entspre- 
chenden Position im Insulin-Molekul. 
wo bei ein bfesynthettecher VortMufer der allgemeinen Formel II 
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B-Kette 

worin Q. eine PepMkette mit n natUriich auftretenden Aminosaureretfenist R ^Lys Oder JiM 
oTze Zahl von ibis 33 ist. m 0 Oder 1 ist und die Xe wie oben define and. mrt d* MaBgatetoB 
^pJSLI i-^icht zwei benachbarte basieche Aminosauren errthlH. mH einem L-THreomneater 
T^^S^^^oZ ^ Trypsin-Derivat zur Reaktion gebracW wird. fleWgl von der 
uZZX e^Zn^^reoninesters des Ana.og3 von Humaninaulin in daa Analog von Human- 
insulin. 

Bn Verfahren zur Heretellung von Analoga von Humaninsulin der Forme! I 



A-Kette 




i 



B-Kette 



worin wenigstens ein. aber nicht mehr ala sieben der Xe dieselben Oder verschiedeneAininosau erest- 
SSHnd. deren Nenofunktion ee ist dem MolekQ. ^^adung ^eme groBere 
Ladung bei neulralem pH als diejenige von Humaninsulin zu verte.hen wobe. ^MlmX* 
mSSSm Aminosau^ von Humaninsulir , an der r*T?£^JS 
sind. mit der MaBgabe. daB es wenigstens eine Substitute .n der B-Kette ll" 
Son B<5) AteTx in Position B(9) Leu ist X in Position B<10) Asr .Oder ^Leu ^*™J^ n .™ 
AsnToder X in Position B(26) Ala ist. dann wenigstens eines der restiichen Xe ver^eden .st von 
£n A^^u^esten von Humaninsulin an der entsprechenden Position im Insuiin-MotekUI. und mrt 
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der weteren MaBgabe. daB X in Position B(5) nicht Asp setn kann und X in Position BO 2) nicht Glu 
und wow ein Oder mehrere AminosSurereste von den N- ^^ in ^^ n ei ^ 
A- und/oder B-Kette entfemt worden sein kSnnen, mil der zusStzlichen Maflgabe. dafl, wenn X in e.n* 
Jder mehreren der Posfconen 8(1). 8(2). Bffi. 

eines von dlen Xen, mit Ausnahme von jedem X das m Posrtion B(1) B» Bffi). J 
und/oder B(28) Ala ist verschieden ist von den AroinosSureresten von Humanmsul.n an der entspre- 
chenden Position im InsuliivMolekUl, 

wobei ein biosynthetischer Vorlfiufer der allgemeinen Formel II! 
A-Kette 




i« t» 



it«»x ■ i ■ i ■ jC c, "X * Y Ch, T** , X 8, *X*H[ p **I * I * I * X^X***} 

i» u u i» »* to »» l» « i« >i a« " »• « 



in 



B-Kette 



worin v und T jeweils Lys Oder Arg sind und die Xe wie oben delinierl sind. mil Trypsin und 
S^|L7h wUrfgar Losung zur Reaktion gebracht wird und das Analog von Human,nsul,n 
aus der Reaktionsmischung gewonnen wird. 

4. Bn Verfahren zur Herstellung von Analoga von Humaninsulin der Formel I 



A-Kette 




I 

B-Kette 
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15 



20 



. . m aKtw rti „ M mfthr oio sieben der Xe dieselben Oder verschiedene AminosSurerest- 

Negative Ladung bei neutralem pH als diejenige von Humaninsuhn » . verieihen, ^^JfJJsS 
37raWr1ichen Aminosaurereste von Humaninsulin an der entsprechenden Positon im Insulin-MolekQI 
s 2fStt!EZ<* <* «■■**"■ eine Substitution in der B-Kette gibt und daiLwenn X in 
S^aS/UaStXin Position B<9) Leu tat. X in Position B(10) Asn Oder Leu isl. X in Pos*on B(12) 

2 Sn^ureresten von Humaninsulin an der enteprechenden Posifior urn J 
^a-mn Mafloabe daB X in Position B(5) nicM Asp setn kann und X in Position B(12) nicht wu 
Jl^in^woCeinW mehrere AmVnosaurereste von den N- und/oder C-tarminalen Enden dar 
'° r un^ooer ^ren^w^oen sein kBnnen. mH der zusatzlichen MaBgabe. daB. wenn X in einar 
A- und/oder "T™ w """" T" ws . B , 9 , r/ 10) B(27) oder B(28) Ala ist. dann wenigstens 

^^tn^Z^^^T^'^ BOMW. 8(5). 8(9). BOO). 8(27) 
^rSSV veSen ist von den Aminosaureresten von Humaninsuhn an der errtspre- 

Sl'^^ShT^L geeigneten Aminoaiuresubstitutonen antnahen. gemlB bekann- 
to^J^ZZXS***** «S*n Oder A- und B-Ketten. die die geeignete Aminoaaur«,ub- 
^oneZl^SaBI bekannten Verfahren chemisch aynthetisiert werden und d.e modrfiz.erten A- 
^L^tf^rlininderTch Aufbau von Dteuffidbrtlcken zwischen A(7)Cys und B(7)Cys und 
l^CrBfS und der intemen A-KettenbrOcke zwischen A(6)Cys und A(11)Cvs 

verknQpfl werden. 

e u^hron nprh Pinem der AnsorUche 1 bis 4, wobei die Aminosaurerestsubstitutionen im herge- 
& STSSg^n InsTn £d,JpS sind ate der Aminosaurerest von Humaninsulin an der entspre- 
25 chenden Position im Insulin-MolekUI. 

6. En Verfahren nach einem der Anspruche Ibis 5. wobei die i ^^^^T^^^^ 
Analog von Insulin ausgewahH sind aus der Gruppe. die aus Asp. Glu. Ser. Thr. H,s und lie beateht. 

Bn Verfahren nach Anapruch 6. wobei die Aminosaurerestsubstrtutionen Asp und/oder Glu sind. 

Bn Verfahren nach einem der AnsprUche 1 bia 7. wobei wenigatens ein X in Position B(9). B(10). 8(12). 
^^Ces ^e,3nak>gs von Insulin verschieden 1st von dem Aminosaurerest an der 
entsprechenden Stelle im MolekOI von Humaninsuhn. 

* 9. Bn Verfahren nach Anspruch 8. wobei wenigatens ein X in Position B(9). B(12). B(27) Oder B(2S) 
verach^n ist^dern Aminosaurerest an der entsprechenden Stella im MolekOI von Humaninsuhn. 

10. Bn Verfahren nach einem der AnsprUche 1 bis 4. wobei. im hergestdlte*. An^ogvon InsuHn^ Xin 
40 Position B27 Glu ist X in Position B12 lie Oder Tyr ist. X in Position A21 Asp «t und ™ 
gTS^X in Posfcon 89 Aap ist. X in PosHion A21 und InPoaWonJ n * 

ist X in Position AS Hia ist. in Position B9 Aap ist und in Posrbon B27 Glu ist X in Position B10 Asp ist 
X in Position B9 Asp ist und in Position B27 Glu ist Oder X in Position B28 Asp ist 

45 n. B „ verfahren nach einem der AnsprOche 1 bia 4. wobei dem hergestelHen Anatogjor .Insulin bis zu 
vier Aminosaurereste am N-Terminua der B-Kette und/oder bia zu fOnf Aminoslurereate am C- 
terminalen Ende der B-Kette fehten. 

1Z Bn Verfahren nach Anspruch 2. wobei dem hergestelHen Analog von Insulin der B(1)-Aminoaaurerest 
so und/oder der B(30}- Aminosaurerest fehlt. 



30 7. 
8. 



S6 
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ESSE, pour to. Etats contractant. su^ants : BE, CH, DE. FR, OB, IT, U. LU, HL, SE 

1. Analogues d'insuline humaine a action rapide. caracterises en ce qu'ils ont la formule I 




B 

h. m labile au moins un mate pas plus de sept des X sort des substitutions de residus d'arninoaci- 
SrnCsTdXert^Snt la ionction nX est de communiquer a la module Ha n*™ *arge 

SST«TJU ^^1:^ otto cha*e Aettou * ~ * ^ 

HH e ^ rt , flnilft ,i fi lorsoue X est Ala en une ou pluaieurs des positions B(1). B<2). b<&), »- 

Sun q^oonque des X. saui les X qui son. Ala exposition 8(1) 6- 
S ^£b?0) ^7, evou 6(28). it different du residu d'aminoacide de Pinsuhne humane a la 
position correspondents dans la molecule d'insuline. 

2. Analooues d'insuline seton la revendicstion 1 . dans lesquete les substitutions de residus ^inoacides 
S pnJ bS^es que les residus d'aminoacides de 1'insu.ine humaine srtues aux posrt.ons 
cotrespondantes dans la macule d'insuline. 

a Analogues d'insuline humaine selon la revendication 1 dans leso^ les substiti^ de residus 
d'aminoacides sort choisies dans le groups constitue par Asp. Glu. Ser. Thr, H.s et He. 

4. Analogues d'insuline humaine selon la revendication 1. dans lesquete les substitutions de residus 
d'aminoacides sort Asp et/ou Glu. 

5. Analogues d'insuline humane seton la revendication 1. dans lesqueteau moins ^en^"^ 
BfTo) B(12). B(28). B(27) ou B(28) est different du residu d'am,noa«te au srte correspondant dans la 
molecule de I'insuline humaine. 

6. Analogues d'insuline humaine seton la revendication 1. dans lesquete aumoins ' » * M J^Ei* 
™ 2 ° B<Z7) ou B(28) est different du residu d'aminoacide au srte correspondant dans la molecule de 
I'insuline humaine. 

7 Analogues d'insuline humaine selon la revendication 1. dans lesquete X est Glu en P^^Xest 
teouTyr en position B12. X est Asp en posHion A21 et Glu en position B27 X est Asp . « pc»tt« B* 
X £ Lp^siticn A21 et en position B9 et Glu en position B27. X est His en posrbon AS. Asp en 
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posaon B9 et G.u en position B27, X est Asp en position B10. X est Asp en position B9 at Glu en 
position B27. ou X est Asp en position B28. 

d'aminoacides a I'extremite C-terminale de la cna%» B. 
ft Analogues d'insuline humane se.on la revendfcation a caratferisea en oe que sont absent nisidu 
d'aminoacide B<1) et/ou le risidu d'aminoacide B(30). 

par conversion enzymatique et chimique in vitro. 
11. MSthode de Operation ^analogues d'insuline hurnaine selon .a revendication 1, dans Quelle on fart 
rtSagir un precurseur btosynth&ique de fortnule gSnSraJe II 



10 



IS 



20 



25 



30 



cfaaine A 




U H tt It It 



45 



ne hurnaine. 

12. Methods de preparation dialogues d'insuline hurnaine selon la revendication 1, dans laquelle on fait 
rtlagir un prScurseur btosynth&ique de formule gSnSrale III 



50 
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chains A 



TO 



16 




U II H M IMI II K 



ChaincB 



m 



Quelle V et T sorrt chacun Lys ou Arg et les X out la definition indiquee cHlessus. avec de la 
B en aqU6U88 ' 61 " rana,0flU6 dtin8Ulin8 hUma,n8 

a partir du melange reactkmnel. 

13. Precede de preparation dialogues d'insuline humaine selon la revendicatton 1 Jans lequel an 
*£ZZ ^ deT methodes connues la synthase chimique des analogues d'insuline contenant tea 
S3^«£LS£ appropr**. ™ - rffectue seton des methods, 
SSqVe dee chalhea A et B modrfiees contenant lea substitutes ^^'d^op^« et on 
relie rune a rautre lee chalhea A et B en etabliaaart dee porta diaulfure ertre . A^Cys et B(7)Cys et 
entre A(20)Cy8 et B(19)Cys et to port interne de la chaTne A errtre A(6)Cy9 et A(11)Cys. 

14. Solutions injectable* a activile d'insuline. caracrtrlaees en ce qu'eltes J" 1 ^^ 

d'insuline humaine selon la revendfcafion 1 ou un de sea sets pharmaceutquement acceptable* en 
solution aqueuse. de pieterence i pH nature. 

as Revendlcatkins pour I'Etat contraetant suhrant : AT 

-1. Methode de preparation d'analogues d'insuline humaine de lormule I 



20 



25 



30 




chaise B 



i 



55 



dans laqueile au moins un mais pas plus de sept des X sort des substmrtions de rfa.d«j ammoaci- 
des idertiques ou diflerentes dont la fonction nette est de communiquer a la molecu* ,1a ^ d«^e 
oTune charge negative plus importante a pH neutre que celle de I'insuline humaine, les auttea Xtert 
Z rtfeidus d'amLacktes naturels de I'insuline humaine aux positions correspondantea dans la 
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module d'insuline a condilioo qu'il y ait au moins une substitution dans la chalne B et que. lorsqueX 
molecuted insulins, a J£» ^ x en B(10) est Asn ou Leu. X en position 

ZTT^ cTxZ pStioT^fS.^ moinsTun <J autres X so. dflerent du rfaidu 
Snotdfde H^neCnvtinTa !a pos*on carraspendame dana to «^«-*T nim 
oo^WoTsupplernentaire que X en position B(5) ne puisse pas Stre Asp et que X en poation B(12) ne 
J? CgiT et dans laquelle un ou plusieurs residus d'aminoacides peuvent avoir ete 
SSTdTJU SHXL**m de la chalne A et/ou "^^-^ 

$' w.'™*™ SwlS »». - ^ du rt8idu d,aminoaci<te * rinsu,ine huma,ne a 13 

^ZST-S rstnt™ convene, une souche de .evure untenant un 
^ h fL H^^nTolLble comprenant une sequence d'ADN codant pour un precurseur de 
^eS^SMc- a par* du m ,eu de cahura et on le traneforme en , 
nouvel analogue d'insuline par conversion enzymatique et ch.rn.que >n vrtro. 

Methode de preparation d'analogues d'insuline humaine de formule I 



chalne A 




chatne B 



dans laquelle au moins un mais pas plus de sept des X sent des substitutions 
H'« m ^LidL identioues ou differentea dont la fonction nette est de communiquer a la molecule la 

vTL residua d'aminoacides naturals de I'insuline humaine aux positions correspondames 
nt^lTdlnSne rSoTquM. , ait au moina une substitution dans la chalne B et que. 
£U ZSZEm - en pUition B<9) est Leu. X en ^^/£>££ J 
«L,wnn R/i9\^f Asn ou X en position B(26) est Ala, au moins Pun des autres X sort different au 
^TZ^ de«hTrnaine a to portion correspond^ dans la 
aT condition supplementaire que X en position B(5) ne puisse pas Stre Asp et que X en posrt.cn B(12) 
ne <£?2 rSTSh! et dans laquelto un ou plusieura nSsMus d'am«K^ pe^ avo^^ 
ZSXZ S extreme N- et/ou C-terminales de to chalhe A et/ou de to cha*e ^ » c£tt 
supplementaire selon laquelle. lorsque X est Ala en une ou pluswura des portions JP>- * 

Swim B(27) ou am, au moins I'un quelconque des X. sauf les X qu, sort Ala en posfton B(1). B- 
2 ' ffnemiS) et/ou B(28). est different du residu d'aminoacide de I'insuline humane a to 
SSc^ndardans .a module d'insuline. dans toquelle on tort reagir un pmcurseur 
biosyrttbetique de formule generate II 
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chafnc A 




20 



25 



dans laquelle Q n est une chalhe peptidique de n nlsidus d'aminoacides naturals, R est Lys ou Arg, n 
SScteO a 33. m est 0 ouT et les X ont la definition indiquee cWessus, sous r^se^^eque la 
^atne i^ue -Or* ne contienne pas deux residue d'aminoacides basiques advents avec un 
eSTde^trlineen presence de trypsine ou d'un derive de trypsine, puis on transtorme Tester de 
threonine de ranalogue d'insuline humaine obtenu en ranalogue d insuhne humaine. 



a M6thode de preparation d'analogues d'insuline humaine de formule I 



30 



chalnc A 



t1 m it 14 m m ar 



so 



55 



dans laquelle au moins un mais pas plus de sept des X soot des substrhrtons de nferfus 
d'aminoacides identiques ou different dont la foncton nette est de cornmun.quer ala module la 
meme charge ou une charge negative plus importante a pH neutre que celle de hnsubne ^mane.tes 
autrea X elant lea residua d'aminoacides naturete de I'insuline humaine aux posrtiona correspondantes 
dans la molecule d'insuline. a condition qu'il y ait au moins une substitution dans to chalhe B et qu* 
lorsque X en position B(5) est Ala. X en position B(9) est Leu. X en ™ 
position B(12) est Asn ou X en position B(26) est Ala. au mom I'un des autoes «X sort drWrent du 
ZTd'aLnoacide de Pinsuline humaine a la position correspondante dans la rnotecule d'.nsul.ne « 
a la condition supplemented que X en position B(5) ne puisse pas §W Asp et que X en (josrhon BQZ) 
ne puisse pas 8tre Glu; et dans laquelle un ou plusieurs residus d'aminoacides peuvent avo.r &6 
supprimes Set extremes N- et/ou C-terminates de la chatie A et/ou de la chalhe B avec la condrbon 
supplemental selon laquelle. lorsque X est Ala en une ou pluseurs des posrhons W)>W> JJJ B " 
(91 T B(10) B(27) ou B(28). au moins I'un quelconque des X. sauf les X qui sort Ala en position B(l). B- 
(2). B(5), B(9). B(10). B<27) et/ou B(28). est different du residu d'aminoacide de I'insuline humame * la 
position correspondante dans la molecule d'insuline. 

dans laquelle on fait rfagir un precurseur biosynthetique de formule gentf rate III 
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chains A 




m 



& partir du melange reactionnel. 
4. Procede de preparation d'analogues d-mauline humaine de formula I 



chaine A 




chafneB 

das identques ou <^ e ™« lmnArtflntfi x oH que celle de I'insuline humaine, les autres X tent 
S^dTJE* HTSLin-e, de la chailha A ettou 

Smentaira seton laquella. lorsque X eat Ala en une ou *• SSS2iS H). J 

/m R/im r/77\ ou B/28> au moins Tun quelconque dee X saul tes X qui sort Ala en posraon dii#. ^ 
S Sft SKIS B» i *«erent du rfaidu tfaminoaclde de llnauln. humane a la 

T ^ n r^' a a^^« connues t ayntheee chimioue des anafcgues 
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& 



7. 



orifes et on relie runs ft I'autre les chaTnes A et B modrfiees sn etablissarn dss poms disuttu^ entre A- 
gSXiSS^ 5 ^ A(20)Cys st B(1 9 )Cys et le pom interne de la chalhe A entre A(6)Cy8 et A- 
(11)Cys. 

Methode selon I'une quelconque des revendications 1 a 4, dans laquelle les substitutions de residus 
££££ d£ Sue d'insullne prepare som plus hydrophi.es que m restfus d'am,noacKtos 
de I'insuline humaine situes aux positions correspondantes dans la molecule d .nsuhne. 

Methods selon Tune quelconque des revendications 1 a 5. dans laquelle les substitutions de residus 
XEZSZ «— prepare son. choisies dans le groupe cons«ue par Asp. G.u. 
Ser, Thr. His et lie. 

Methods selon la revendication 6. dans laquelle les substitutions de residue d'aminoacides som Asp 
et/ou Glu. 

" a Methode selon I'une quelconque des revendications 1 a 7. dans laquelle au moins unX en position B- 
rS«T5fl rJS. ou B(28) de .'analogue d'inauline prepare est drHerent du res,du 

d'aminoacide au site corresponds! dans la molecule de I'insuline humaine. 

*, & Methode selon la revendication 8. dans laquelle au moins un X en position B(9). B(1 2). B<27) ou B(2B) 
SreS msT^aminoacide au site correspondent dans la moiecute de I'insuline huma,ne. 

10. Methods seton I'une quelconque des revendications 1 a 4 L'SKiTES 
prepare. X est Glu en position B27. X est lie ou Tyr en posrbon B12. X est Asp e "P^^ 1 * ™ 

* en position B27, X est Asp en position B8. X est Asp en poert.on A21 "^?>^GI en 
posSonB27. X est His en position A8. Asp en position B9 "flunpc**^.*** Asp en 
position B10, X est Asp en position B9 et Glu en position B27. ou X est Asp en position B28. 

11. Methode seton I'une quelconque des revendications 1*4, dans <^ 

30 prepare, som absents jusqu'ft quatre residus d'aminoacides a I'extremrte NHerminale de la B 
et/ou jusqu'a cinq residus d'aminoacides a I'exhemrlB C-terminale de la chatie B. 

12. Methode seton la revendication 2. dans laquelle. dans I'anatogue d'insuline prepare, son. absents le 
rdsidu d'aminoacide B<1) et/ou le residu d'aminoacide B(30). 
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Fig.2 



•omW 




BomKI 



42 



EP 0 214 826 B1 



Fig.3 




MF«1 ltod«r Ly*Arg | 60bp 



S' 

3* 



5*. 
3 • 



5' — 
3— 



Xbcl Hind3 



- AAAAGA<•- 
-TTTTCT- 



lysA^g 

-a|aaaga« 

-TTTTCTj" 



Hgo1 

si 



1J Xfc»1 

2)ExoIII 



Insertion primer ♦ 
Kit now polymerase ♦ 
TL ligase 



Hind 3 
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Fig. 5 



PUC13 CXba1-EcoR1,fc7Kt] 




